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CANCERS ARE WELL KNOWN TO

occur in excess in persons
with acquired immunodefi-
ciency syndrome (AIDS).

These tumors include, prominently, Ka-
posi sarcoma (KS), a cancer occurring
especially in homosexual men with
AIDS, and non-Hodgkin lymphoma
(NHL), which has similar incidence in
all groups regardless of the route of ex-
posure to human immunodeficiency vi-
rus (HIV).1 In adults, invasive cervical
cancer is considered an AIDS-defining
disease, and other cancers such as Hodg-
kin disease, anal cancer, and testicular
cancer have been linked to AIDS.2 Chil-
dren with AIDS are at lower risk of can-
cer than are adults, and they constitute
only a small fraction of persons with
AIDS. Thus, studies of cancer in chil-
dren have mainly involved case se-
ries.3-5 We sought to provide a popula-
tion-based overview of the spectrum of
malignancies in children with AIDS.

METHODS
We linked cancer registry data to
366034 cases of AIDS in 11 areas. These
areas were included because they had
a relatively high AIDS incidence and
cancer registry coverage of the same
population. We evaluated only data ob-
tained during the periods when both
registry bases were considered com-
plete, which varied by registry: the states
of New York (January 1981–Decem-
ber 1994), Massachusetts ( January
1982–December 1995), Connecticut

(November 1980–September 1995),
New Jersey (January 1979–December
1996), Florida ( January 1981–
December 1995), and Illinois (Janu-
ary 1980–December 1995); and the ur-
ban areas of Seattle, Wash (January
1983–June 1996), San Francisco, Calif
(January 1980–September 1995), Los
Angeles, Calif (March 1978–February
1996), Atlanta, Ga (May 1980–
December 1994), and San Diego, Calif
(January 1988–December 1995). Most
data were from an era before highly ac-

tive antiretroviral therapies became
widely used. Between 1988 and 1990,
AIDS–cancer linkages in 50050 per-
sons in New Jersey, California, Florida,
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Context Population-based data on cancers associated with acquired immunodefi-
ciency syndrome (AIDS) in children are lacking.

Objective To determine risk of pediatric AIDS-associated cancers.

Design, Setting, and Participants Using records from 11 locations in the United
States for varying periods between 1978 and 1996, we linked data for children aged
14 years and younger at AIDS diagnosis to local cancer registry data.

Main Outcome Measures Cancer frequency and, in the 2-year post–AIDS onset
period, cancer incidence and relative risk (RR; measured as standardized incidence ra-
tio), by cancer type.

Results Among 4954 children with AIDS, 124 (2.5%) were identified as having can-
cer before, at, or after AIDS onset, including 100 cases of non-Hodgkin lymphoma
(NHL), 8 of Kaposi sarcoma (KS), 4 of leiomyosarcoma, and 2 of Hodgkin disease;
there were 10 other or unspecified cancers. Expected numbers for all cancers identi-
fied in the study sample, based on population rates (using area-specific registry data),
were less than 1. In the first 2 years after AIDS diagnosis (5485 person-years), NHL
incidence was 510 per 100000 person-years (RR, 651; 95% confidence interval [CI],
432-941). Median time for developing NHL after AIDS diagnosis was 14 months (range,
3-107 months). The most common type of NHL was Burkitt lymphoma. However, the
risk of primary brain lymphoma (91 per 100000 person-years) was especially high (RR,
7143; 95% CI, 2321-16692), and 4 cases were diagnosed more than 2 years (range,
37-98 months) after AIDS onset. Leiomyosarcomas also tended to occur several years
after AIDS onset, with 3 of the 4 cases occurring 33 to 76 months after AIDS diag-
nosis, whereas KS was reported only at or within 2 years of AIDS diagnosis. Hodgkin
disease risk was also significantly increased (RR, 62; 95% CI, 2-342).

Conclusions The spectrum of AIDS-associated pediatric cancers resembled that seen
in adults, with the addition of leiomyosarcoma. Both primary brain lymphomas and
leiomyosarcomas tended to occur in children surviving several years after AIDS onset.
Because the expected numbers of these cancers in this population were less than 1
and because of the small numbers of some types of observed cancers, the RR esti-
mates are imprecise and caution is warranted in their interpretation.
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and Atlanta, Ga, were evaluated using
similar methods,2,6,7 but there were too
few children to analyze pediatric can-
cer risk.

To perform linkage, we used
AutoMatch, versions 3.0 and 4.1
(MatchWare Technologies, Inc, Burtons-
ville, Md), which weighted the likeli-
hood of subject matching on the basis of
identical or near-identical information.
By order of priority, we included, when
available, social security number, last
name, first name, middle name or ini-
tial; the soundex codes for the last name,
first name, and middle name or initial;
birth and death dates; race; sex; and
home address. Further details of the
matching procedures, confidentiality
protection, and analysis approaches are
provided elsewhere.2,6,7

Expected numbers of cancers were
computed from data in the geographic
areas where the AIDS cases occurred,
except for Illinois, where rates from Na-
tional Cancer Institute Surveillance,
Epidemiology, and End Results Regis-
tries in Iowa and Detroit were substi-
tuted because we did not have histol-
ogy-specific information. Coding was
based on the International Classifica-
tion of Diseases for Oncology, Second Edi-
tion.8 The KS analyses excluded data
from Florida because of concern about
diagnostic accuracy. While AIDS reg-
istries identified Hispanics, cancer reg-
istries did not have data specific to this
group. Therefore, expected cancers for
Hispanics were based on rates for
whites, on the assumption that most
Hispanics would be classified as white
in cancer registry data. Cancer reports
were accepted from either AIDS or can-
cer registry data. When in conflict, can-
cer registry information about histol-
ogy was preferentially accepted as likely
to be more accurate. However, after not-
ing a significant dearth of information
about NHL sites in the cancer registry
data, we accepted the NHL localiza-
tion as primary brain lymphoma from
either the AIDS or the cancer registry.

Children were followed up from birth
or up to 5 years before their AIDS di-
agnosis to the date of death or last com-
plete cancer registry information,

whichever came first. Nine children had
AIDS-defining cancer diagnoses (8
NHL, 1 KS) recorded in the cancer
registry before AIDS was diagnosed
(median, 6.5 months; range, 1-14
months). Following standardized pro-
cedures,2,6,7 the date of AIDS onset was
moved back to that date, since these
were within 5 years of another AIDS di-
agnosis. Screening of donated blood for
HIV antibodies became routine in early
1985. To avoid linkages occurring be-
cause children became HIV infected via
transfusions related to their cancer, we
excluded all tumors occurring prior to
1985 unless the tumor occurred at or
after another AIDS diagnosis.

The AIDS onset period was defined
as 6 months before to 3 months after
the precise date given to the AIDS di-
agnosis to accommodate slight varia-
tions in timing of receipt of cancer re-
ports by the AIDS or cancer registries.
Cancer incidence could not be evalu-
ated during the AIDS period because
most of the observed cancers (58 cases
of NHL and 4 cases of KS) were AIDS-
defining. The appropriate denomina-
tor for cancer incidence data in this
group would be HIV-infected chil-
dren, but we did not have such data.
However, children with AIDS are, by
definition, HIV-infected, and there-
fore we could use the population of chil-
dren without the specific cancer un-
der study who were followed into the
post-AIDS onset period as the popula-
tion at risk of developing that cancer.

Cancer incidence rates per 100000
person-years were therefore calculated
for a 2-year period after AIDS diagno-
sis (defined as 4 through 27 months af-
ter AIDS onset). Expected cancers were
calculated as the sum of the products of
population incidence and person-time
in the strata of age (#4, 5-9, and 10-14
years), sex, and race (whites, blacks, His-
panics, and other or unknown). Rela-
tive risk (RR) calculations (RRs were
measured as standardized incidence ra-
tios) were based on dividing the ob-
served by the expected number of can-
cer cases for the 2 years after AIDS onset,
and 95% confidence intervals (CIs) were
calculated based on the Poisson assump-

tion.9 Because cases of cancer in chil-
dren with AIDS contribute to the con-
temporaneous background rates, RRs are
conservative. Comparisons of frequen-
cies were made by x2 methods and Fisher
exact (2-tailed) tests. Descriptive statis-
tics are reported as mean (SD).

RESULTS
Overall, 4954 children aged 14 years
and younger at AIDS diagnosis were
identified in the linkage areas during
times when both AIDS and cancer reg-
istries were complete. New York con-
tributed the largest number of cases
(39.8%), followed by Florida (24.1%),
and New Jersey (14.6%). By sex, 51.2%
were boys; and by race, 60.6% were
black, 23.5% were Hispanic, 15.1%
were white, and 0.8% were of other or
unknown race. The mean (SD) age at
AIDS onset was 2.7 (3.6) years, but
36.9% of children were in the first 12
months of life, and a further 18.6% were
13 to 24 months old, so that the me-
dian age was 1 year (interquartile range:
1-4 years). Transmission was predomi-
nately via exposure to an infected
mother (90.4%) or contaminated blood
or blood products (7.3%). The latter
category includes children with hemo-
philia.

Among these children, 124 (2.5%)
were identified as having cancer either
pre-AIDS, at AIDS onset, or post-AIDS.
By type, there were 100 cases of NHL
(81%), 8 of KS (6%), 4 of leiomyosar-
coma (3%), and 2 of Hodgkin disease
(2%); there were 10 other or unspeci-
fied types (8%) (TABLE 1). One child
may have had 2 cancers, ie, immuno-
blastic lymphoma (IBL) followed 4 years
later by Burkitt lymphoma (BL). Only
the first cancer is further considered.
Cancer was more frequent in boys
(2.9%) than girls (2.0%) (P=.04). By
race, cancer was less frequent in blacks
(1.9%) than in whites (3.1%; P=.06) and
Hispanics (3.4%; P=.01). The mean (SD)
age at AIDS diagnosis for children who
developed cancer was 3.6 (3.7) years
(median, 2 years), and the mean (SD)
age at which they developed cancer was
4.5 (3.7) years (median, 3 years). Can-
cer risk was not significantly related to
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HIV-exposure category after adjusting
for age and sex.

The distribution of cancers by time
from AIDS onset is given in Table 1.
During the 2 years after AIDS diagno-
sis, 5485 person-years of observation
were accrued for 3753 children (mean,
17.5 months). During this period, 36
cancers occurred vs 0.89 expected (RR,
40; 95% CI, 28-56). The cancer inci-
dence was 656 per 100000 person-
years in this period (TABLE 2). Inci-
dence was higher in boys than girls, and
this pattern was also seen in the gen-
eral population.

Non-Hodgkin Lymphoma
Among the 100 cases of NHL, 34 were
BL, including Burkitt-like lymphomas,
19 were IBL, 23 were primary brain lym-
phomas (without regard to histology),
and 24 were unspecified NHL. Only 35%
were recorded in both AIDS and can-
cer registries, whereas 37% were only in
the AIDS registry data and 28% were
only in the cancer registry data. Brain
sites were often (61%) reported only in
the AIDS registry data, which did not
provide histology information for brain
lymphoma.

The cases of NHL occurred in a broad
range of ages, from younger than 1 year
to age 13 years, but the average age at
AIDS diagnosis was 3 to 3.5 years for
all histologic subtypes. Most cases of
NHL (n=58) were concurrent with
AIDS onset (Table 1). The median time
for developing NHL after AIDS was 14
months (range, 3-107 months). How-
ever, the late occurrence of 4 cases of
primary brain lymphoma (37, 38, 40,
and 98 months after AIDS onset) rep-
resented a notably longer time to on-
set than for other specified NHL sub-
types. In the 2 years following AIDS
diagnosis, the NHL incidence was 510
per 100000 person-years and the RR
was 651 (95% CI, 432-941) (Table 2).
Regarding histology, BL was the most
common type.

Overall, NHL incidence rose as the age
at AIDS diagnosis increased (unpub-
lished data from study). The incidence
in boys was higher than in girls (660 vs
345 per 100000 person-years), but be-

cause background incidence rates for
NHL are higher in boys, RRs were simi-
lar (604; 95% CI, 359-957; and 675; 95%
CI, 309-1282, respectively). The inci-
dence in blacks (450 per 100000 person-
years) was slightly lower than either
whites (480) or Hispanics (551), a pat-
tern also generally seen in each NHL

subtype (unpublished data from study).
Because the background incidence rate
for primary brain lymphoma was lower
than for BL or IBL, the RR of primary
brain lymphoma (7143; 95% CI, 2321-
16692) was much higher than for BL
(656; 95% CI, 292-1245) and IBL (815;
95% CI, 297-1774).

Table 1. Cancer Diagnoses by Tumor Type, Relative to AIDS Onset*

Months

Pre-AIDS AIDS Post-AIDS

−60 to −25 −24 to −7 −6 to 3 4 to 27 28 to 60 .60 Total

Non-Hodgkin lymphoma 0 0 58 28 10 4 100

Burkitt 0 0 23 9 1 1 34

Immunoblastic 0 0 12 6 1 0 19

Primary brain 0 0 14 5 3 1 23

Other, unspecified 0 0 9 8 5 2 24

Kaposi sarcoma 0 0 4 4 0 0 8

Hodgkin disease 0 0 1 1 0 0 2

Leiomyosarcoma 0 0 1 0 2 1 4

Other/unknown 1 1 1 3 3 1 10

Total, All Sites 1 1 65 36 15 6 124

*AIDS indicates acquired immunodeficiency syndrome. Values for pre-AIDS cancers were included indicating that the
cancer was not AIDS-defining (ie, not non-Hodgkin lymphoma or Kaposi sarcoma). The rationale for analysis of pre-
AIDS cancers was to determine if pre-AIDS to post-AIDS risks increased as might be expected if the cancer was
related to the advancing immunosuppression. However, too few children had cancer onset prior to AIDS to provide
robust trends.

Table 2. Observed and Expected Cancers, and Incidence and Relative Risk by Type, After
AIDS Onset*

Observed Expected

Incidence
in Children
With AIDS†

Relative Risk
(95% CI)

All cancers 36 0.89 656 40 (28-56)

Boys 24 0.50 883 48 (31-71)

Girls 12 0.40 460 30 (16-53)

Whites 6 0.16 720 39 (14-84)

Blacks 18 0.49 539 37 (22-59)

Hispanics 11 0.24 866 46 (23-82)

Other/unknown race 1 0.01 433 94 (2-521)

Non-Hodgkin lymphoma 28 0.04 510 651 (432-941)

Burkitt 9 0.01 164 656 (292-1245)

Immunoblastic 6 0.01 109 815 (297-1774)

Primary brain 5 ,0.01 91 7143 (2321-16 692)

Other/unknown 8 0.02 146 376 (162-741)

Kaposi sarcoma‡ 4 0.01 97 NE

Hodgkin disease 1 0.02 18 62 (2-342)

Leiomyosarcoma§ 0 ,0.01 . . . NE

Other/unknown sites 3 0.83 55 4 (1-11)

*AIDS indicates acquired immunodeficiency syndrome; CI, confidence interval; and NE, not estimated. Children are
aged 14 years and younger. Incidence is measured in the 2 years (defined as 4-27 months) after AIDS onset.

†Because the expected numbers of these cancers in this population were less than 1 and because of the small num-
bers of some types of cancers, the relative risk estimates are imprecise and caution is warranted in their interpreta-
tion. Incidence is measured per 100 000 person years.

‡Excludes data from Florida. The relative risk was NE because all background cases were AIDS-related.
§In the 2 to 5 years after AIDS diagnosis, the relative risk was 1915 (232-6915), based on 2 cases. Because the cases

occurred after the 2-year interval following AIDS onset, no incidence values are included for leiomyosarcoma, as
indicated by ellipses.
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Kaposi Sarcoma
Eight children were diagnosed with KS.
Four cases were identified at the time
of AIDS diagnosis, and 4 occurred 5 to
15 months after AIDS onset. In these
subjects, the average age at AIDS on-
set and KS diagnosis were 5.6 years and
6.0 years, respectively. Five children
with KS were boys. Route of HIV ex-
posure was mother-to-child in 6 cases
and via blood or blood products in 2
cases. In 1 instance, the mother was
known to have been exposed to HIV by
a bisexual partner (P = .09 for risk
association).

The incidence of KS in the 2 years af-
ter AIDS onset was 97 per 100000 per-
son-years, being higher in boys (136)
than in girls (52) and higher in whites
(150) than in blacks (89) or Hispanics
(86). Incidence rates (per 100000 per-
son-years) were lowest in young chil-
dren with AIDS, being 33 in those
younger than 5 years, 284 in 5- to
9-year-olds, and 260 in 10- to 14-year-
olds. The RR was not calculated be-
cause all KS reports involved children
with AIDS.

Hodgkin Disease
Two children with AIDS, both His-
panic boys aged 4 and 9 years, were di-
agnosed with Hodgkin disease. The in-
cidence (based on 1 case) was 18 per
100000 person-years in the 2 years af-
ter AIDS diagnosis, and the RR was 62
(95% CI, 2-342) (Table 2).

Leiomyosarcoma
One boy and 3 girls were diagnosed as
having leiomyosarcoma. Three were
blacks and 1 was of other or unknown
race. At AIDS diagnosis, they were in
the first year of life, and aged 1, 1, and
6 years, and at cancer diagnosis they
were in the first year of life, and aged
4, 7, and 9 years, respectively. Three
children had a notably long period be-
tween AIDS and cancer: 33, 33, and 76
months. No case fell within the 2 years
after AIDS diagnosis used to assess the
incidence and RR. However, finding 3
cases more than 2 years after AIDS on-
set, when a relatively lower propor-

tion would have still been in follow-
up, implies a very high late risk. Based
on 2 cases occurring from 2 to 5 years
after AIDS onset, the RR for this time
period was 1915 (95% CI; 232-6915).

Other Cancers
We identified 10 children with other or
unspecified cancers in cancer registry
data. Three cancers occurred in the 2
years after AIDS onset (RR, 4; 95% CI,
1-11). One cancer was a mediastinal
ganglioneuroblastoma diagnosed in
1990,45monthsbeforeAIDSonset.The
others were diagnosed as malignant his-
tiocytosis, fibrous histiocytoma, and
neurofibrosarcoma(3,4, and41months
afterAIDSonset, respectively).Onecan-
cer was a fusiform or spindle cell tumor
of the liver (diagnosed 40 months after
AIDS onset). Five were unspecified can-
cers. One, an ill-defined connective tis-
sue tumor of the limb, occurred 7
months before AIDS onset; 3 tumors
(with origins in oral cavity, brain, and
lymph node) occurred in the 2 years
after AIDS onset; and 1 (origin in lung)
occurred 70 months after AIDS onset.

One case of leukemia was observed,
but histologically, the cells were Burkitt-
like, and the case was assigned to the
BL group. Two other cases of leuke-
mia occurred in the period before 1985,
both several years before AIDS onset.
Those cases were excluded because the
HIV infection might have been caused
by blood products given as part of clini-
cal care for the leukemia. No other case
of leukemia was seen, but only 0.7 cases
were expected among children with
AIDS in the entire time span from 5
years before to 5 years after AIDS di-
agnosis.

COMMENT
In this study we assessed cancer risk in
4954 children with AIDS, which is ap-
proximately 70% of the 6948 children
(younger than 14 years) reported as
having AIDS to the Centers for Dis-
ease Control and Prevention (CDC)
through 1995.10 The distributions by
age, sex, race, and risk groups were
similar to those reported to the CDC.10

Therefore, our study population closely

reflected the profile of pediatric AIDS
cases in the United States.

Most cancers occurring in children
with AIDS were NHL, but excesses of
KS, Hodgkin disease, and leiomyosar-
coma were significant. Overall, 2.5% of
children with AIDS developed cancer,
which is lower than the proportion seen
in adult AIDS patients.1,2 Cancer inci-
dence was higher in boys than girls
(P=.04) and higher in whites (P=.06)
and Hispanics (P=.01) than in blacks,
largely because most cancers were NHL.
In a prior study, we found similar de-
mographic patterns for NHL in adults
with and without AIDS.1 The only other
population-based examination of can-
cer risk in children with AIDS com-
pared European and US data for NHL
and KS at AIDS onset, using propor-
tional rather than incidence-based
analysis techniques.5 Investigators with
that study noted a higher proportion of
NHL cases in boys, whites, and older
children.

In our study, NHLs occurred more
frequently and leiomyosarcomas less
frequently than in case series reports,
which may be biased toward present-
ing unusual cases. Among NHLs, BL
was the most common histological sub-
type, as previously reported in chil-
dren.1,11 However, IBL cases were also
frequent, although we note that for 10
of 19 cases, the diagnosis came only
from the AIDS rather than the cancer
registry. Hence, if some of these IBL di-
agnoses not confirmed by cancer reg-
istry evaluation were really BL, a higher
proportion of NHLs may be BL than we
credited.

About a quarter of the lymphomas
were primary brain lymphomas. Among
children without HIV infection, pri-
mary brain lymphomas are rare. The
relatively high frequency of primary
brain lymphoma late in the course of
AIDS suggests a high incidence in chil-
dren with prolonged or profound im-
munosuppression. Typically, primary
brain lymphomas in persons with AIDS
have high or intermediate grade his-
tologies,12,13 but in this study histolo-
gies were usually not recorded for pri-
mary brain lymphomas.

CANCER IN CHILDREN WITH AIDS

208 JAMA, July 12, 2000—Vol 284, No. 2 (Reprinted) ©2000 American Medical Association. All rights reserved.



The profile of leiomyosarcomas also
showed a higher frequency in the late
follow-up period, again suggesting a
strong role for prolonged or advanced
immunosuppression. Proportion-
ately, leiomyosarcomas constituted 3%
of all cancers, which was considerably
lower than the 17% reported in the larg-
est case series, which included both
leiomyosarcomas and leiomyomas.4

Cancer registries do not collect data on
benign soft tissue sarcoma. Referral bias
in case series may also contribute to this
proportional difference.

The etiology of KS probably in-
volves infection with human herpesvi-
rus 8, a virus with a high prevalence in
homosexual and bisexual men.14 Chil-
dren infected via transmission from
mothers who were in turn infected by
a bisexual man are thought to be at in-
creased risk of KS,15 but only 1 of 8 KS
cases in this study had such an expo-
sure. None of the children with KS be-
came HIV infected by sexual routes. The
excess of Hodgkin disease in the chil-
dren with AIDS was based on only 1
case occurring in the 2 years follow-
ing AIDS onset, but it is statistically sig-
nificant and is concordant with the ex-
cess of Hodgkin disease reported in
adults with AIDS.2

The occurrence of other or unspeci-
fied cancers was increased 3.6-fold, but
this finding was not statistically signifi-
cant. There was no increase in the risk
of leukemia or cancers at common pe-
diatric sites, such as kidney or brain
(other than lymphoma). Ewing sar-
coma and rhabdomyosarcoma have
been described in children with AIDS16

but were not seen in this study. Muco-
sal-associated lymphoid tissue tumors
have also been described in children
with AIDS,4 but the cancer registry data
were insufficiently detailed for docu-
mentation of these tumors.

In summary, NHLs dominate the
profile of cancers occurring in chil-
dren with AIDS, with BL being the most
common specific type. The highest RR
was for primary brain lymphoma, and
a high proportion of these cancers oc-
curred several years after AIDS onset
when subjects were likely to have had
prolonged or profound immunosup-
pression. Leiomyosarcomas also had a
late onset pattern. Kaposi sarcoma and
Hodgkin disease risks were also in-
creased. The risks of other pediatric
cancers were not increased. Thus, AIDS-
related immunosuppression does not
result in an increase in risk for all can-
cers in children. Rather, as in adults, the

increased risk is limited to a few types
that also occur excessively in adults
with AIDS, as well as leiomyosar-
coma. If children with AIDS survive
longer with better therapies, both the
risks of cancer and the profile of types
could change.
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